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Introduction
In the approved new SI for expanded and improved NR positioning [1], one important direction is to study solutions for Integrity for RAT dependent positioning techniques.· Study solutions for Integrity for RAT dependent positioning techniques [RAN2, RAN1]:
· Identify the error sources, [RAN1, RAN2].
· Study methodologies, procedures, signalling, etc for determination of positioning integrity for both UE-based and UE-assisted positioning [RAN2]
· Focus on reuse of concepts and principles being developed for RAT-Independent GNSS positioning integrity, where possible.


This contribution discusses aspects related to integrity of RAT dependent positioning techniques.
Error source identification
In RAN1 110, the study on mapping between the potential error source and the corresponding method was agreed as following:
	Agreement
For UE-based positioning integrity mode, at least the following are error sources in assistance data : 
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) and Inter-TRP synchronization (e.g., NR-RTD-Info in TS 37.355) are error sources for DL-TDOA
· TRP location (e.g., NR-TRP-LocationInfo in TS 37.355) is an error source for DL-AoD
· FFS: whether boresight direction of DL-PRS (e.g., NR-DL-PRS-BeamInfo in TS 37.355) is an error source
· FFS: whether beam information of DL-PRS (e.g., NR-TRP-BeamAntennaInfo in TS 37.355) is an error source 
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· Other error sources are not precluded
· FFS : Applicability of the above error sources to LMF-based positioning integrity mode
· Note : Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Agreement
· For LMF-based positioning integrity mode, at least the followings are error sources for timing related measurements :
· RSTD measurement is an error source for DL-TDOA 
· RTOA measurement is an error source for UL-TDOA
· UE Rx-Tx time difference measurement is an error source for Multi-RTT
· gNB Rx-Tx time difference measurement is an error source for Multi-RTT
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Agreement
· For LMF-based positioning integrity mode, at least angle of arrival measurement is an error source for UL-AoA
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· FFS: The error can be expressed as the error of the AoA/ZoA in LCS or GCS or the error of a defined function of AoA/ZoA in LCS.
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Agreement
For LMF-based positioning integrity mode, ARP location (e.g., ARPLocationInformation in TS 38.455) is an error source for UL-AoA.
· FFS : Model of the error source (e.g., distribution, mean and/or standard deviation for integrity)
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
· FFS : Whether the error statistics of ARP location is available at the gNB
· Other error sources are not precluded
Agreement
For LMF-based positioning integrity mode, at least inter-TRP synchronization is an error source for UL-TDOA. 
· FFS : Specification impact of inter-TRP synchronization as an error source for UL-TDOA
· Note : Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857



During the last RAN1 110bis e-meeting, the study on mapping between the potential error source and the corresponding method was agreed as following:
	Agreement
· For LMF-based positioning integrity mode, TRP location (e.g., Geographical Coordinates in TS 38.455) is an error source for DL-TDOA, DL-AoD, UL-TDOA, UL-AoA and multi-RTT.
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
· FFS: Specification impact of TRP location as an error source for LMF-based positioning integrity mode
· FFS: Model of the error source (e.g., distribution, mean and/or standard deviation for integrity)
Agreement
· For UE-based positioning integrity mode, study whether boresight direction of DL PRS (NR-DL-PRS-BeamInfo) and/or beam information (NR-TRP-BeamAntennaInfo) of DL PRS are error sources or not, focusing on the following aspects:
· Granularity of boresight direction of DL-PRS and its influence on positioning integrity
· Feasibility and complexity of modeling
· Feasibility of obtaining quality/statistical parameters of beam information from the gNB
· Influence on measurement errors at the UE 
· Other aspects are not precluded
· Note: Definition of “UE-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857
Agreement
· In the agreement on the distribution of the timing measurement error, it is assumed that the timing measurement error contains TEG related TX/RX timing error if the TEG related information is provided.
· Note: The timing measurement is applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurement
· Note: it is assumed that the timing measurement error is associated with the first path
· Note: no more discussion on TEG related TX/RX timing error as an independent error source from timing measurement error
Agreement
· Study to determine whether DL PRS RSRP/RSRPP measurement is an error source for DL-AoD, focusing at least on the following aspect
· Impact of RSRP/RSRPP measurement on positioning accuracy
· FFS: Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)

[bookmark: _Hlk117152652]Agreement
· Study to determine whether SFN initialization time is an independent error source for the following positioning methods and integrity mode 
· UL-TDOA with LMF-based positioning integrity mode 
· UE-assisted DL-TDOA with LMF-based positioning integrity mode
· FFS: Model of the error source (e.g., distribution, mean and/or standard deviation for integrity overbounding model, range)
· Note: Definition of “LMF-based positioning integrity mode” can be found in Table 9.4.1.1.1 in TR 38.857




Rel-16 has specified solutions for NR Positioning with different positioning methods, i.e. UL/DL-TDOA, Multi-RTT, UL-AOA, DL-AOD. For different positioning methods, UE will report different measurement results. For example, UL/DL-TDOA and Multi-RTT will report the time difference for multiple measurement to acquire the UE's position information, and UL-AOA, DL-AOD will report the RSRP for positioning.
In Rel-17, for UE-based and UE-assisted positioning, UE support to report more than one measurement instance of DL RSTD, DL PRS RSRP, and/or UE Rx-Tx time difference measurements in a single measurement report, and support a TRP to report more than one measurement instance of UL RTOA, UL SRS RSRP, and/or gNB Rx-Tx time difference measurements in a single measurement report. Refer to the integrity for RAT dependent positioning, it should be noticed that there are different error sources according to different positioning methods. Based on the agreement in the last meeting, the mapping between different error sources and the corresponding positioning method for UE-based positioning integrity mode and LMF-based positioning integrity mode is shown as the Table 2-1 and the Table 2-2 separately. And the red parts are the error sources that need to be further supported in our view.
The UE may be configured with boresight direction to obtain spatial direction information via higher layer parameter DL-PRS-BeamInfo for each PRS resource. The granularity of dl-PRS-Azimuth in this IE is 1 degree, and the range is between 0 and 359. When the dl-PRS-Azimuth-fine is enabled, the scale factor is 0.1 degrees and the range can be 0 to 0.9 degrees. That is to say, the total azimuth angle of the boresight direction is given by dl-PRS-Azimuth + dl-PRS-Azimuth-fine if dl-PRS-Azimuth-fine is provided. Besides, the granularity of dl-PRS-Elevation in this IE is 1 degree, and the range is between 0 and 180. When the dl-PRS- Elevation-fine is enabled, the scale factor is 0.1 degrees and the range can be 0 to 0.9 degrees. Considering that spatial information is used in DL-AoD positioning to estimate the UE’s location, we think boresight direction of DL PRS can be an error source in UE-based positioning integrity mode. The model of DL-PRS boresight direction error can be same as AOA measurement error for UL-AOA, which can be uniform distribution or normal distribution in our view. 
In addition, it can be found that beam information of DL PRS (NR-TRP-BeamAntennaInfo) is also transmitted by LMF as assistant data in DL-AoD positioning. However, other than the boresight direction (DL-PRS-BeamInfo) with azimuth and elevation, it also include beam power information which provides the relative power between DL-PRS Resources for the angle given by azimuth and elevation. The granularity of nr-dl-prs-RelativePower in this IE is 1 dB, and the range is between 0 and 30 dB. When the nr-dl-prs-RelativePowerFine is enabled, the scale factor shorten to 0.1 dB and the range can be 0 to 0.9 dB. Considering that it is difficult to establish a unique model based on power and angle information, additional power information makes it difficult to model beam information of DL PRS.  Therefore, it is not recommended to identify beam information of DL PRS as an error source from our perspective.
Proposal 1: Boresight direction of DL PRS can be identified as an error source for DL-AoD in UE-based positioning integrity mode.
Proposal 2: Beam information of DL PRS should not be identified as an error source considering that it is difficult to establish a unique model based on power and angle information provided by NR-TRP-BeamAntennaInfo.
The DL-AoD positioning method makes use of the measured DL-PRS-RSRP (and optionally DL-PRS-RSRPP) of DL-PRS received from multiple TRP at the UE. The UE measures the DL-PRS-RSRP (and optionally DL-PRS-RSRPP) of DL-PRS using assistance data received from the LMF, and the measurement results are used along with other configuration information to locate the UE in relation to the neighboring TRP. In the DL-AoD positioning method, the UE position is estimated based on DL-PRS-RSRP and/or DL-PRS-RSRPP measurements taken at the UE of DL-PRS from multiple NR TRPs, along with knowledge of the spatial information of the downlink radio signals and geographical coordinates of the TRPs. Since the measurement results for DL-TDOA positioning method is RSTD, and RSTD measurement is identified as an error source for DL-TDOA positioning method, we think the measurement results for DL-AOD positioning method, i.e. RSRP measurement and RSRPP measurement, should be selected as error sources for LMF-based positioning integrity mode. 
Proposal 3: RSRP measurement and RSRPP measurement should be identified as error sources for DL-AOD positioning method for LMF-based positioning integrity mode.

Table 2-1 UE-based positioning integrity mode
	
	Assistance data
	Measurements

	DL-TDOA
	TRP location
Inter-TRP synchronization
	

	DL-AOD
	TRP location
Boresight direction of DL-PRS
	




Table 2-2 LMF-based positioning integrity mode
	
	Assistance data
	Measurements

	DL-TDOA
	TRP location
	RSTD measurement

	UL-TDOA
	TRP location
Inter-TRP synchronization
	RTOA measurement

	UL-AOA
	TRP location
ARP location
	AOA measurement

	DL-AOD
	TRP location
	RSRP measurement
RSRPP measurement

	Multi-RTT
	TRP location
	UE/gNB Rx-Tx time difference measurement


Statistical residual error distribution model
As shown in the background in Annex, each selected error source should have a statistical error distribution. For integrity operation, the network will ensure that the probability of positioning error larger than bound for longer than Time-to-Alert (TTA) should less than or equal to the integrity risk probability (Residual Risk + IRallocation provided by LMF) under the condition that the all assistance data are within its validity period (NOT DNU). For example, it should be ensured that the probability of positioning error larger than 10 m for longer than 10 ms should less than or equal to 5% according to some valid positioning assistance data. According to the analyzation above, we can find that the bound is related to the distribution of the residual errors. 
	Agreement
Study the distribution of RSTD, RTOA and UE/gNB Rx-Tx time measurement error considering the following aspects: 
· Whether TEG-related timing error is an independent error source from timing related measurement error (e.g., RTOA, RSTD, UE/gNB Rx-Tx time difference)
· Whether the measurement error is considered for each ToA or for the reported RSTD value
· Other Details (e.g., mean and standard deviation)
Note : it is encouraged to provide the evaluation assumptions used by companies (e.g., requirements in TS 38.101, TS 38.104, TS 38.133, evaluation assumptions in TR 38.857, LOS/NLOS probability, measurement algorithm) and results (e.g., error histogram) if evaluation is used to determine the distribution, mean and standard deviation or range of values of an error source.
Agreement
Study the distribution of arrival measurement error focusing on the following aspects 
· Whether the angle of arrival measurement error can be expressed as the error of the AoA/ZoA in LCS or GCS or the error of a defined function of AoA/ZoA in LCS
· Distribution of AoA measurement error for an NLOS/LOS link
· Other Details (e.g., mean, standard deviation)
Note: It is encouraged to provide evaluation assumptions (e.g., requirements in TS 38.101, TS 38.104, TS 38.133, evaluation assumptions in TR 38.857, LOS/NLOS probability, measurement algorithm) and results (e.g., error histogram) if evaluation is used to determine the distribution, mean and standard deviation or range of values of an error source.
Agreement
· Timing measurement error can be modeled as Normal distribution.
· Note: The timing measurement is applicable to RSTD, RTOA and UE/gNB Rx-Tx time difference measurement
· Note: it is assumed that the timing measurement error is associated with the first path
· Note: it is up to RAN2 how to use the identified distribution




Based on the agreements above in RAN1 110 and in the last meeting, the distribution of TOA errors and RSTD errors have been fitted. According to the common parameters in InF-DH scenarios in TR 38.857, the LOS probability is settled as 100% and 50% in different cases. The carrier frequency is 3.5 GHz and the subcarrier space used in the simulation is 30 KHz. It is deployed 18 BS in the positioning area and the best 4 BS is selected to calculate the measurement result. Besides, the bandwidth is 100MHz and the FFT point is 4096. The statistical TOA or RSTD error sets are generated by per UE dropping containing 4,000 samples with 122MHz sampling rate.
Figure 1 illustrates the distribution of TOA errors and RSTD errors in terms of meters. As shown in Fig.1, either TOA errors or RSTD errors are following Gaussian distribution in LOS scenario. That is to say, the paired over-bounding Gaussian formula in GNSS can be used to model the error sources for time based positioning method in LOS scenario. In addition, since RSTD can be obtained by linear calculation by TOA, it makes no difference which one is selected as the measurement error in LOS scenario.
[image: los1]     [image: los2]
(a)                                                                                     (b)
Figure 1 The distribution of time based errors in LOS scenario
Figure 2 illustrates the distribution of TOA errors and RSTD errors in terms of meters in LOS+NLOS scenario. Considering that NLOS can lead to time delay of signal arrival, TOA errors obey log normal distribution in LOS+NLOS scenario. In addition, it should be noticed that the distribution of RSTD errors depends on the selected reference BS, it can follow log normal distribution or Gaussian distribution with different reference BS. However, based on the law of large numbers and the central limit theorem, when there are enough samples, the RSTD errors will follow Gaussian distribution finally. Since the distribution of TOA errors are different in LOS and LOS+NLOS scenario, RSTD errors are more suitable to be selected as the measurement error for time-based positioning integrity. 

[image: los+nlos][image: los+nlos1]
(a)                                                                                 (b)
Figure 2 The distribution of time based errors in LOS+NLOS scenario
Refer to the standard deviation of time-based error sources, the NR-TimingQuality in assistant informations should be further studied to fitting the distributions of residual RSTD errors.
Proposal 4:  Study the applicability for using NR-TimingQuality as the standard deviation of time-based error source.
Since the distribution of the error sources cannot always be fitted as a deterministic distribution, when we identify the error sources, the criteria to be an error source can be summarized as follows:
· The most basic criteria to be an error source is that these error sources have an important impact on the measurement results and will arouse some measurement errors to a certain degree.
· Whether the statistical distribution of the residual errors can be modeled shall be used as one additional criteria to select an error source for integrity for RAT dependent positioning techniques.
Proposal 5: Whether the statistical distribution of the residual errors can be modeled shall be used as one criteria to select an error source.
Considering the distribution of RSTD errors are fixed in LOS and LOS+NLOS scenario, the multipath/NLoS is unnecessary to be considered as an independent error source for time-based positioning integrity. Besides, statistical error modeling of multipath/NLoS seems difficult to obtain. Therefore, it shouldn’t be selected as a separate error source based on the proposed criteria.
Proposal 6: Since multipath/NLoS have no impact on the distribution of RSTD errors and difficult to fit the distribution, it shouldn’t be selected as a separate error source based on the proposed criteria.
Definitions of terms for the integrity of NR positioning 
The definition of “Error”, “Bound”, “Time-to-Alert (TTA)”, “DNU”, “Residual Risk”, “irMinimum, irMaximum” and “Correlation Times” in GNSS can be reused with corresponding adaptation (no major modification in our opinion). For example,  refer to “DNU”, since “DNU” indicate the invalidity of an error source for a time duration, this definition is essential to identify the reliability of the assistant data for RAT dependent positioning. “Correlation Times” is aim to illustrate the relationship of two set of assistance data or twice measurement. In other words, if two set of assistance data or twice measurement are within the “correlation times”, it can be considered as same set of assistance data or measurement. Therefore, “Correlation Times” is important to group the assistance data or measurement. “Residual Risk” is a constant provided by LMF. Actually, the definition of “Residual Risk” is out of RAN1’s scope. However, the “Residual Risk” and “IRallocation” may not decomposition from the whole integrity risk probability. Considering the relationship of “IRallocation” and “Bound”, the definition seems necessary. 
So considering the all the terms listed are quite important feature to characterize the error source and indicate how to calculate the integrity using that error source, the terms are suggested to be reused with corresponding adaptation.  Take “Error” as an example, the definition can be revised as “Error is the difference between the true value of a GNSS parameter (e.g. ionosphere, troposphere etc.) parameter (e.g. Inter-TRP synchronization reference point, TRP location, etc.) and its value as estimated and/or provided in the corresponding assistance data as per Table 8.1.2.1b-1”.
 Proposal 7:For the purpose of RAN1 discussion,  the definition itself for “Error”, “Bound”, “Time-to-Alert (TTA)”, “Residual Risk”, “irMinimum, irMaximum” and “Correlation Times” in GNSS can be reused for RAT dependent positioning.
-        The wording can be revised when it is described for RAT dependent positioning and can be up to RAN2.
Conclusion
This contribution discusses the solutions for integrity of RAT dependent positioning techniques. Observations and proposals are summarized as follows: 
[bookmark: _GoBack]Proposal 1: Boresight direction of DL PRS can be identified as an error source for DL-AoD in UE-based positioning integrity mode.
Proposal 2: Beam information of DL PRS should not be identified as an error source considering that it is difficult to establish a unique model based on power and angle information provided by NR-TRP-BeamAntennaInfo.
Proposal 3: RSRP measurement and RSRPP measurement should be identified as error sources for DL-AOD positioning method for LMF-based positioning integrity mode.
Proposal 4:  Study the applicability for using NR-TimingQuality as the standard deviation of time-based error source.
Proposal 5: Whether the statistical distribution of the residual errors can be modeled shall be used as one criteria to select an error source.
Proposal 6: Since multipath/NLoS have no impact on the distribution of RSTD errors and difficult to fit the distribution, it shouldn’t be selected as a separate error source based on the proposed criteria.
 Proposal 7:For the purpose of RAN1 discussion,  the definition itself for “Error”, “Bound”, “Time-to-Alert (TTA)”, “DNU”, “Residual Risk”, “irMinimum, irMaximum” and “Correlation Times” in GNSS can be reused for RAT dependent positioning.
-        The wording can be revised when it is described for RAT dependent positioning and can be up to RAN2.
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Annex – Integrity Background
The trustworthiness of position estimates is the study of positioning integrity, which is adapted from TR 22.872 [2] as follows:
Positioning Integrity: A measure of the trust in the accuracy of the position-related data provided by the positioning system and the ability to provide timely and valid warnings to the Location Services (LCS) client when the positioning system does not fulfil the condition for intended operation.
Different from the definition of positioning accuracy, the integrity also reflects the statistical positioning error associated with a specific time duration. As defined in TR 38.857 [3], there are four key performance indicators, which can be described as:
Target Integrity Risk (TIR): The probability that the positioning error exceeds the Alert Limit (AL) without warning the user within the required Time-to-Alert (TTA). 
NOTE: The TIR is usually defined as a probability rate per some time unit (e.g., per hour, per second or per independent sample).
Alert Limit (AL): The maximum allowable positioning error such that the positioning system is available for the intended application. If the positioning error is beyond the AL, the positioning system should be declared unavailable for the intended application to prevent loss of positioning integrity.
NOTE: When the AL bounds the positioning error in the horizontal plane or on the vertical axis then it is called Horizontal Alert Limit (HAL) or Vertical Alert Limit (VAL), respectively.
Time-to-Alert (TTA): The maximum allowable elapsed time from when the positioning error exceeds the Alert Limit (AL) until the function providing positioning integrity annunciates a corresponding alert.
Integrity Availability: The integrity availability is the percentage of time that the protection level (PL) is below the required AL, where the PL is defined as follows:
Protection Level: The PL is a statistical upper-bound of the Positioning Error (PE) that ensures that, the probability per unit of time of the true error being greater than the AL and the PL being less than or equal to the AL, for longer than the TTA, is less than the required TIR, i.e., the PL satisfies the following inequality:
Prob per unit of time [((PE> AL) & (PL<=AL)) for longer than TTA] < required TIR
NOTE: When the PL bounds the positioning error in the horizontal plane or on the vertical axis then it is called Horizontal Protection Level (HPL) or Vertical Protection Level (VPL) respectively.
NOTE: A specific equation for the PL is not specified as this is implementation-defined. For the PL to be considered valid, it must simply satisfy the inequality above.
 In the procedure of integrity for GNSS, LMF send assistance data and TIR value to request UE to measure the GNSS signal, while UE first identify the error distributions of each source using given assistance data, and then, use the known each error source distribution and TIR calculate the PL and report this with measurement result to the LMF to identify the trustworthiness. Refer to the error distributions of each source, it can be express as [4]
P(Error > Bound for longer than TTA | NOT DNU) <= Residual Risk + IRallocation
where the parameter of Bound, DNU, Residual Risk and IRallocation can be obtained by the assistance data from LMF.	
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